Introduction
An important parameter for understanding the physics of discharges is the electric field strength. Knowledge of the spatial and temporal distribution of the field strength can provide information about the distribution of charged particles, current density, and dissipated power. The measurement of the electric fields can also be employed to monitor ignition characteristics of discharges.
Various non-invasive optical methods based on the Stark effect have been developed for low pressure environment (1-100 Pa). Due to quenching effects, however, these techniques are not suitable for experiments in high-pressure region, where many novel plasma applications are have been reported. In this work, we therefore employ a different field measurement technique, i.e. a field-induced coherent Raman scattering (CRS) method [1] for estimating the electric field strength locally in nitrogen and air environments at higher pressures.
This method has been successfully applied to measure electric fields in high-pressure hydrogen environments; but to our knowledge, the work presented here is the first successful measurement in nitrogen and air environments.
Method
The basic principle follows a four-wave mixing scheme. By a static electric field a dipolmoment is induced in the diatomic molecules of a medium which then becomes anisotropic. Thereby frequency mixing becomes possible. Combining the first and second order effects a third order non-linearity arises similar to a CARS scheme where the frequency of the third wave is set to zero [2] . The intensity of generated infrared radiation (I IR ) scales with the square of the electric field, the square of the nonlinear susceptibility, and the incident laser intensity. Therefore, the IR signal intensity is a direct measure of the square of the field strength. The nonlinear susceptibility is proportional to the population difference of the vibrational levels involved. This difference does not necessarily need to be known if the IR intensity is normalized to the field-independent anti-Stokes intensity (I CARS ). Both signals show an identical dependency on the vibrational population and the ratio I IR / I CARS is given by the square of the static field strength times a constant that can be determined in a calibration measurement.
Experimental apparatus
The measurements are carried out by a frequency doubled Nd:YAG-Laser at 532 nm and a dye laser tuned to 607 nm. The field-dependent radiation I IR (at ~4 µm) is detected by an InSb-detector, the field-independent radiation I CARS (at ~473 nm) by a photo-diode. Measurements are performed between two stainless steel electrodes with a gap length of 3.15 mm and applied fields up to 1 kV/mm. The working medium is pure nitrogen at pressures of 1 atm -2.5 atm or an open air environment. Figure 1 shows the square root of the normalized field dependent signal (I IR / I CARS ) as a function of the electric field at 1 atm pressure. The linear relation agrees perfectly with the theoretical expectation. Similar results are also obtained at higher pressures. It should be emphasized that the normalized representation shown here is particularly useful in discharge where the effective population densities can vary strongly.
Results
Further details of the measurement technique will be shown. Application of the technique to discharges is presently in progress. 
